Acupuncture for stroke has been used in China for over 2,000 years and nowadays is increasingly practiced elsewhere in the world. However, previous studies had conflicting findings on the results of acupuncture. Here, we conducted a systematic review and meta-analysis to assess the current evidence for the effect of Baihui (GV20)-based scalp acupuncture in animal models of focal cerebral ischemia. Six databases from the inception of each database up to June 2013 were electronically searched. Primary outcomes were infarct size and neurobehavioral outcome. Ultimately, 54 studies involving 1816 animals were identified describing procedures. Meta-analysis results showed that twelve studies reported significant effects of Baihui (GV20)-based scalp acupuncture for improving infarct volume compared with middle cerebral artery occlusion group (P , 0.01), and thirty-two studies reported significant effects of Baihui (GV20)-based scalp acupuncture for improving the neurological function score when compared with the control group (P , 0.01). In conclusion, Baihui (GV20)-based scalp acupuncture could improve infarct volume and neurological function score and exert potential neuroprotective role in experimental ischemic stroke.
diseases 10 . There are various nomenclature systems for scalp acupoint, for example, some divided the scalp into zones or regions, while others focused on points or lines. Baihui (GV20)-based scalp penetration needling, such as needling through Baihui (GV 20) to Taiyang (EX-HN 5) 11 and needling through Baihui (GV 20) to Qubin (GB7) 12 , is one of most important school of scalp acupuncture for stroke. In modern time, various studies have revealed that Baihui (GV20)-based scalp acupuncture has neuroprotective effects on multi-aspects of the pathophysiology in animal models of ischemic stroke. The effects are listed as follows: (1) Scalp acupuncture at Baihui (GV20) and Qubin (GB7) has rapid and powerful effects on removing limb paralyses caused either by cerebral infarct or by cerebral haemorrhage in stroke-prone spontaneously hypertensive rat 13 .
(2) Electroacupuncture (EA) preconditioning at Baihui (GV20) could attenuate brain edema and blood brain barrier (BBB) disruption caused by cerebral ischemia and was mainly through decreasing matrix metalloproteinase (MMP)-9 expression and activity 14 . (3) EA at Baihui (GV20) and Dazhui (GV14) could increase cerebral blood flow and improve tissue and function recovery through acetylcholine/endothelial nitric oxide synthase (eNOS)-mediated perfusion augmentation in acute moderate focal cerebral ischemia 15 . (4) EA pretreatment at Baihui (GV 20) strongly protects the brain against transient cerebral ischemic injury through the anti-inflammatory effects of a7 nicotinic acetylcholine receptors (a7nAChR) activation 16 . (5) EA at Baihui(GV20) and Qubin(GB7) could activate the cerebral structures related to motor function on the bilateral hemispheres by assessment of Positron emission tomography (PET) in stroke patients, suggesting that EA was very helpful for the cerebral motor plasticity after the ischemic stroke 17 . (6) EA at Zusanli(ST36) and Baihui(GV20) enhanced cell proliferation and neuroblast differentiation in the rat dentate gyrus via phosphorylated cyclic AMP response element-binding protein (pCREB) and brain-derived neurotrophic factor (BDNF) activation 18 . In the past decade, several systematic reviews [19] [20] [21] [22] [23] [24] [25] assessing the effects of both acupuncture and scalp acupuncture on patients suffering from stroke have been published; however, the results are inconclusive. Park J and Sze FK et al 19, 20 reported that acupuncture had no additional effect on motor recovery but had a small positive effect on disability; Kong et al 22 pointed out that acupuncture did not show a positive effect as a treatment for functional recovery after stroke from rigorous randomized sham-controlled trials (RCT). On the contrary, Wu et al 23 reported that acupuncture was effective in the treatment of post-stroke rehabilitation based on fifty-six RCTs. By comparison, systematic reviews of pre-clinical animal data could inform the planning and improve the likelihood of success of future clinical trials, identify where there is a need for further 'basic' research, preclude unnecessary study replication, and contribute to both 'reduction' and 'refinement' in animal experimentation 26 . Therefore, we conducted a systematic review and meta-analysis of Baihui(GV20)-based Scalp acupuncture (BBA) in animal models of acute focal ischemic stroke.
Results

Study inclusion.
We identified 5383 potentially relevant articles from six databases. After removal of duplicates, 2527 records remained. After going through the titles and abstracts, we excluded 2319 papers with at least one of following reasons: (1) case report or review; (2) not an animal research; and (3) not the researches about stroke or ischemia. By reading the full text of the remaining 208 articles which reported the efficacy of BBA in animal models of focal cerebral ischemia, 54 studies were excluded because the outcome measure was neither neurological function score (NFS) nor infarct volume (IV); 48 studies were excluded because other forms of acupuncture or TCM were used in control group; 34 were excluded because of combination with body acupunctures; 18 studies were removed due to the deficiency of useful data and the problem of duplicate publication. Ultimately, 54 eligible studies were identified (Figure 1 Study characteristics. The 54 included studies with 1816 rats described 73 groups of comparisons based on two different outcome measures: 24 groups of comparisons including 478 rats reported data as IV, and 49 groups of comparisons using 1736 animals reported data as NFS. The rats species included Sprague-Dawley (SD) rats, Wistar rats and stroke-prone spontaneously hypertensive (SHR-SP) rats. The weight of rats varied between 180-340 g (median 240 g). Sixteen out of the 54 studies (29.6%, n 5 681) were permanent middle cerebral artery occlusion (MCAO) models, while the remaining studies (n 5 1135) utilized temporary MCAO models. The time of ischemia varied from 30 minutes to 3 hours. Chloral hydrate were used in 32 studies (n 5 59.2%) to induce anesthesia, isoflurane in 7 studies [34] [35] [36] 42, 45, 57, 71 , Pentobarbital in 9 studies [38] [39] [40] [41] 43, 44, 46, 47, 60 , urethane 59 and thiopental 69 in one study respectively, while no report of anesthetics in the remaining 4 studies 66, 67, 78, 79 . Eight studies performed manual acupuncture (MA) 61 [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] ; 7 studies used scalp penetration needling through Baihui to other acupoints [64] [65] [66] [67] [68] [69] [70] ; the rest of the 11 studies selected Baihui plus other acupoints. Meanwhile, IV was used as the outcome measure in 24 groups (44.4%), and NFS was used in forty-nine groups (90.7% 83 were cited in 1 study respectively. Sixteen studies adopted both two outcome measures. The basic characteristics of the 54 studies are shown in Table 1 .
Study quality and publication bias. The median number of study quality checklist items scored was ranged from 3 to 7 out of a total 10 points. Of whom, seventeen studies got 3 points; sixteen studies got 4; ten studies got 5; six studies got 6; and five studies got 7 points ( . Twenty-eight studies described control of temperature, including control of the room and rats anal temperature. No study described the sample size calculation. SHR-SP rats were used in one study. Random allocation to treatment group and blinded assessment of outcome were described in 49 and 15 studies respectively. No study reported cerebral ischemia was induced by an investigator who was blinded to treatment allocation. Twenty studies mentioned statement of potential conflict of interests. Twenty-four studies reported compliance with animal welfare regulations. No study used anesthetic with significant intrinsic neuroprotective activity. 0.00001, I 2 5 75%, Figure 2) ; the remaining twelve studies failed to pool analysis due to the data demonstrated in the form of the TTC staining or IV percentage (%), but all of them reported the significant effects of BBA for ameliorating the IV compared with the control group (p , 0.05 or p , 0.01).
Fourteen studies showed significant effects of BBA for improving the NFS according to Zea longa criterion (n 5 425, SMD 23.93, 95% CI: 25.11 , 22.75, P , 0.00001; heterogeneity x2 5 179.39, p , 0.00001, I
2 5 93%, Figure 3 ), but the remaining seven studies did not provide raw data and thus failed for meta-analysis. NFS was significantly improved in fourteen studies in BBA group compared with control group according to Bederson criterion (n 5 384, SMD 21.51, 95% CI: 21.97 , 21.05, P , 0.00001; heterogeneity x2 5 44.90, p , 0.00001, I 2 5 71%, Figure 4 ). Four studies reported significant effects of BBA for improving the NFS according to Garcia criterion compared with control group (n 5 58, SMD 3.98, 95% CI: 2.98 , 4.98, P , 0.00001; heterogeneity x2 5 0.51, p 5 0.92, I
2 5 0%, Figure 5 ). Six studies reported significant effects of BBA for improving NFS based on the Garcia criterion (p , 0.05 or p , 0.01), but the data were represented in the graphical form and meta-analysis was unable to be done because we failed to contact the authors. Four studies also reported the significant effects of BBA for ameliorating the NFS according to the Kuluz criteria, Ludmia criteria, Cai criteria, and Sun criteria, respectively (p , 0.05 or p , 0.01).
Assessment of bias. The funnel plot was roughly symmetric for the effect of BBA on IV and NFS. Thus, funnel plots did not suggest an obvious publication bias ( Figure 6 ).
Factors affecting the outcome measures. In the subgroup analysis for the outcome measure according to NFS, the efficacy of acupuncture at MCAO 30 min/perfusion was better than other longer perfusion time (n 5 111, SMD 23.08, 95% CI: 23.65 , 22.51, P , 0.00001; heterogeneity x 2 5 2.10, p 5 0.35, I 2 5 5%, Figure 7A ). On the other hand, BBA on MCAO 3 hours and permanent model were less effective than on MCAO Figure 7D ). In the subgroup analysis for the outcome measure according to IV, efficacy of BBA at permanent model was better than at other MCAO models (SMD 22.86, 95% CI: 24.12 , 21.61, P , 0.00001; heterogeneity x2 5 0.95, p 5 0.62, I
2 5 0%, Figure 8A ). Experiments using chloral hydrate as anesthetics showed more reduction in IV when compared with those using isoflurane and pentobarbital anesthesia (SMD 22.59, 95% CI: 23.95 , 21.21, P 5 0.0002; heterogeneity x2 5 21.95, p 5 0.0005, I
2 5 77%, Figure 8B ). Meanwhile, experiments on SD rats gave a higher estimate of effect size in IV than that using Wistar rats (SMD 22.14, 95% CI: 23.36 , 20.93, P 5 0.0005; 
Note: Studies fulfilling the criteria of: (1) peer reviewed publication; (2) control of temperature; (3) random allocation to treatment or control; (4) blinded induction of ischemia; (5) blinded assessment of outcome; (6) use of anesthetic without significant intrinsic neuroprotective activity; (7) animal model (aged, diabetic, or hypertensive); (8) sample size calculation; (9) compliance with animal welfare regulations; and (10) statement of potential conflict of interests.
www.nature.com/scientificreports heterogeneity x2 5 27.21, p 5 0.0001, I2 5 78%, Figure 8C ). Treatment in the published studies also was more effective of BBA in the reduction of IV than that in un-published studies (SMD 22.05, 95% CI: 22.99 , 21.12, p , 0.0001; heterogeneity x2 5 43.69, p , 0.00001, I 2 5 77%, Figure 8D ). These results were consistent with previous subgroup analysis of NFS except time interval from the onset of ischemia.
Discussion
Efficacy of BBA. To our knowledge, this is the first systematic review and meta-analysis of English and Chinese literatures to determine the efficacy of BBA for animal model of acute ischemic stroke with IV and NFS as the outcome measures. The present study indicated that BBA could substantially improve neurobehavioral deficits and reduce infarct size in animal model of focal cerebral ischemia, suggesting that BBA have potential neuroprotective role in acute ischemic stroke.
Methodological considerations. This systematic review has a number of weaknesses. First, our search did not include data in other languages except Chinese and English, which may result in certain degree of selective bias. Second, negative studies are less likely to be published, and some negative results could not be obtained. In the present study, treatment in the published studies was more effective than that in un-published studies. Thus, the effect may be overestimated. Third, methodological quality of the included studies was generally low, which is an inherent limitation in the primary study. Quality of a study has significant impacts on the reported outcome. For example, reporting randomization and blinding are less likely to report positive findings than those neither 84 . Low quality of the included studies suggested that the results should be interpreted with caution.
Implication for further studies. There are various advantages of EA as it is more readily controlled, standardized and objectively measurable than manual acupuncture. In some situations EA was more effective than traditional acupuncture, particularly when strong, continued stimulation is required, as when treating paralysis 85 . EA was also recommended for clinical trials and mechanism researches on acupuncture 86 . In the present study, 46 out of 54 studies performed EA. Thus, EA have priority over Manual acupuncture on acupuncture research for the animal models of stroke.
In animal model of focal cerebral ischemia, the multitudinous pathophysiological processes which are involved in their deleterious effects over different time courses extending from the first hours to several days after vessel occlusion 87 . In the present study, efficacy of BBA was lower in MCAO 3 hours and permanent groups compared with other temporary ischemia groups, thus it might be inferred that BBA could effectively inhibit those pathophysiological pathways preferentially activated by reperfusion. Further studies would be required to evaluate when the optimum time window for BBA treatment would close and to determine the duration of time to achieve maximum efficacy.
According to the effect size, this study indicated that SD rats recovered better than Wistar rats. A hypothesis may arise that individual genetic differences have different neuroprotective role in ischemic stroke. A comparison among anesthetics showed more effectiveness in NFS improvement in studies using chloral hydrate than studies using other two anesthetics. Thus, future study design for animal research need to select suitable anesthetics.
In the present study, most animal models of stroke are established on normotensive animals with occlusion of cerebral artery to artificially induce infarction in brain. The relevance of animal models www.nature.com/scientificreports with normal cerebrovascular structure to human conditions remains dubious 88 . Impressively, Scalp acupuncture had a rapid and strong effect on neurological dysfunction only in the hypertensive strokemodel by reducing the vasogenic oedema, but had no significant effects on the cytotoxic oedema, vasogenic oedema or neurological dysfunction of the MCAO rats within the time span examined 89 . Hence, future studies need to investigate EA efficacy in animals with a co-morbidity such as hypertension, diabetes or advanced age.
Conclusion
In animal model of focal cerebral ischemia, BBA could improve IV and NFS. Although some factors such as study quality and possible publication bias may undermine the validity of positive findings, BBA may have potential neuroprotective role in experimental stroke.
Methods
Search strategy. We identified studies of BBA in animal models of acute ischemic stroke from Cochrane Central Register of Controlled Trials (CENTRAL), PubMed, EMBASE, Chinese National Knowledge Infrastructure (CNKI), VIP information database, and Wanfang data Information Site. The publication time is from the inception of each database up to June 2013. The search term used was ''Baihui (GV20)'' in English or in Chinese. All searches were limited to studies on animals.
Reference lists from the included literature were used to identify further relevant publications.
Eligibility. We included all controlled studies of the effect of BBA in animal models of focal cerebral ischaemia, where the outcome was measured as infarct volume (IV) or/ and neurological function score (NFS) 27 . IV is an essential indicator of the severity of brain ischemic injury. 2,3,5-triphenyltetrazolium chloride (TTC) staining is an excellent research method that can be used to confirm the size and location of areas of infarction induced by focal cerebral ischemia in rats 28 . Briefly, brain IV was assessed by TTC staining for 10 minutes at 37uC, followed by overnight immersion in 4% paraformaldehyd; unstained areas were defined as IV. NFS can also be useful in animal studies that evaluate the effect of new therapeutic methods; moreover, physical testing of the animals can be repeated over time and thus provide data on the evolution of the neurological deficit. However, measuring methods of NFS were inconsistent in different studies. Three neurological grading systems were most commonly used. The first grading system was published by Bederson et al 29 . in 1986. This system consists of a scale from 0 to 3: (0) no observable deficit; (1) decreased forelimb resistance to a lateral push; (2) forelimb flexion; (3) circling behavior in addition to the former symptoms. The second system was reported by Zea Longa et al 30 . in 1989 . The scale rates the presence or absence of neurological signs in rats, and the details are as follows: 09-no neurological deficit; 19-retracts left forepaw when lifted by the tail; 29-circles to the left; 39-falls while walking; 49-does not walk spontaneously; 59-dead after surgery. The third system was introduced by Garcia et al 31 . in 1995. It consists of 6 different criteria, including spontaneous activity, symmetry in the movement of the 4 limbs, forepaw outstretching, climbing, body proprioception, and response to vibrissae touch. The individual performance in each www.nature.com/scientificreports test was rated on a 0 to 3 point subscore. The sum of all 6 individual subscores was then calculated to give a range of 3-18. Thus, the score in healthy rats would be 18.
To prevent bias, inclusion criteria were pre-specified as follows: (1) the effect of BBA was tested on an animal model of focal cerebral ischemia induced by temporary middle cerebral artery occlusion (MCAO) or permanent MCAO; (2) IV and/or NFS were compared with control animals receiving vehicle or no treatment. Pre-specified exclusion criteria were: (1) non-focal cerebral ischemia model (such as global, traumatic models, or hypoxic-ischemic models); (2) combined use of BBA and body acupuncture or ear acupuncture or any other agent with potentially neuroprotective effects; (3) no control group; (4) duplicate publications.
Data extraction. The following details were extracted from each study: (1) publication year and the first author's name, model of ischemic stroke (transient, or permanent), and ischemic time; (2) individual data were obtained for each study, including aimal number, species, sex, weight, motor impairment and scale; (3) information on treatment was obtained, including timing for initial treatment, types and method of treatment procedure, and duration of treatment; (4) outcome measures and timing for outcomes assessments were also included. IV and/or NFS were especially extracted separately. If outcomes were presented from the studies of animals at different time points, we extracted data from the last time point. If the data for meta-analysis were missing or only expressed graphically, we tried to contact the authors for further information, or calculate by ourselves if the information needed were available, or excluded the study which we could not get enough information. For each comparison, we extracted data of mean value and standard deviation from each treatment and control group of every study.
Quality assessment. We evaluated the methodological quality of the included studies by applying a ten-item modified scale 32 : (1) publication in a peer-reviewed journal; (2) statements describing control of temperature; (3) randomization to treatment group; (4) allocation concealment; (5)blinded assessment of outcome; (6) avoidance of anesthetics with known marked intrinsic neuroprotective properties; (7) use of animals with relevant comorbidities; (8) sample size calculation; (9) compliance with animal welfare regulations; (10) declared any potential conflict of interest. For the calculation of an aggregate quality score, each item of the ten-item modified scale was attributed one point. Two authors (WWW, XCL) independently extracted data and assessed study quality. Disagreements were solved after discussion on the details of the studies.
Statistical analysis. We considered all NFS and IV as continuous data, and then an estimate of the combined effect sizes utilizing standard mean difference (SMD) with the random effects model was given. We used the random effects model rather than the fixed effects model because heterogeneity between multi-studies has to be taken into account. Publication bias was assessed with a funnel plot 33 . For the assessment of heterogeneity, the I 2 statistic was used. Furthermore, to explore the impact of factors modifying on the outcome measures, we performed a stratified meta-analysis with experiments grouped according to the following: duration from onset of ischemia to treatment, anaesthetic method used, the experimental data formally published or not, and species of animals used. Difference between n groups was assessed by partitioning heterogeneity and using the x2 distribution with n-1 degrees of freedom (df), where n equals the number of groups. All analysises were performed with Revman version 5.1. Probability value p , 0.05 were considered significant.
